Abstract: Many drugs have a propensity for agglomeration, resulting in poor flowability. Spherical crystallization can be used to improve product properties including flowability and particle size. In this work, two methods were developed and utilized to successfully make two kinds of azithromycin spherical particles, namely solid and hollow spheres. The resultant product exhibited regular spherical shape, large particle size, narrow particle size distribution and excellent flowability. The formation mechanism of these different spherical crystals was investigated with the help of a particle vision microscope (PVM). The immersion mechanism and the counter diffusion mechanism were proposed as the formation mechanisms for solid and hollow spheres, respectively. The effects of crystallization parameters on the spherical crystallization processes were investigated systematically. Furthermore, the tablet properties were evaluated to verify that the spherical particles obtained in this work can be directly used for tableting, thus avoiding granulation processes and reducing cost.
Introduction
In the pharmaceutical industry, the crystallization process is used not only for separation and purification, but also for improving product properties by controlling crystal habit and polymorph [1] [2] [3] [4] [5] . It is widely acknowledged that the flowability, particle size distribution and compressibility of products can greatly influence the downstream operations including filtration, drying, packing and tableting [6, 7] . Especially, the flake-like and needle-like microcrystals might cause blockage and generate non-uniform tablets in the production process due to their poor flowability and compressibility. In order to solve these problems, the granulation process is commonly used to improve product properties before tableting. However, the granulation process needs specialized devices and lots of excipients, which makes it a time-consuming and costly process. Recently, direct tableting technology without granulation has been brought to attention due to its feasibility of reducing the cost and labor [8] [9] [10] . For direct tableting, the products should have outstanding flowability, high compressibility and suitable crystal size to satisfy the strict requirements of the direct tableting process.
Spherical crystallization technology has the potential to address these issues by endowing spherical crystals with excellent powder properties [11, 12] . As the crystallization and spherical particles formation are achieved in one single step, the granulation process could be avoided [13] . thermostat to keep the system temperature constant at 30 • C. The agitator, a two-bladed propeller, was set at 700 rpm. Then, about 90 mL deionized water (poor solvent) was slowly added into the mother liquid at the rate of 1 mL/min by a peristaltic pump. With the addition of water, spherical particles gradually formed and grew up. After the water was completely added, the system was continuously stirred for 30 min. Finally, the spherical crystals were filtered, washed with 30 mL water and dried at 50 • C for 5 h in a vacuum oven.
QESD Method for the Preparation of Hollow Spherical Crystals
Excess azithromycin (8 g ) was added into 10 mL ethyl acetate at 50 • C to prepare saturated solution. Then, 0.2 g Tween 80, selected as the emulsifier, was added into 100 g deionized water.
The system temperature was controlled at 20 • C and the stirring speed was set at 200 rpm. Then, 5 g saturated azithromycin solution was added into the aqueous solution dropwise. After agitating for 30 min, the spherical crystals were filtered, washed with 50 mL water and dried at 50 • C for 5 h in a vacuum oven (DZ2B, Tianjin Taisi Co., Ltd, Tianjin, China).
Characterization of Products
An optical microscope (Eclipse E200, Nikon, Tokyo, Japan) and scanning electron microscope (TM3000, Hitachi, Tokyo, Japan) were used to observe the morphologies of the crystals. Besides, the process of spherical crystallization was monitored by particle visual microscope (PVM) (V819, Mettler, Zurich, Switzerland).
Powder X-ray diffractometer (PXRD) (D/max2500, Rigaku, Tokyo, Japan), Cu Kα radiation (λ = 1.5418 Å, 40 kV × 100 mA), was utilized for polymorphic characterization. The date was collected in diffraction angle (2θ) from 2 • to 40 • at the scanning rate of 0.067 • ·s −1 .
Determination of Spherical Crystal Properties

Flowability
The angle of repose was measured to evaluate the flowability of the spherical crystals, using the fixed funnel method [19, 20] . The tap density (TD) was obtained by tapping the samples in a cylinder using a tapping machine. Bulk density (BD) was calculated by the volume and weight of the powder before tapping. Carr's index (CI) and Hausner's ratio (HR) was calculated according to Equations (1) and (2) , respectively:
An angle of repose below 25 • indicates good flow property whereas that above 40 • reflects poor flowability. CI below 15 or HR below 1.35 indicates good flowability, while CI above 35 or HR above 1.35 represents poor flowability [21] .
Particle Size Distribution (PSD)
The PSD was measured by Mastersizer 3000 (British Malvern instrument Co. Ltd, Malvern, Worcestershire, United Kingdom), using water as the dispersant. The value of span indicates the width of PSD, which was calculated according to Equation (3) [22] .
where D 10 , D 50 and D 90 represent the particle sizes at the point of 10%, 50% and 90% cumulative volume fraction. Improving the packability of the drug is beneficial to conduct tableting. The packability was evaluated by Kawakita and Kuno' equations [23] :
where n is the tap times, 1/a defines the degree of volume reduction after being taped n times, and parameter b can indicate the packing velocity [24] . The smaller value of parameter a is, the better the packability is. Parameter c denotes the volume reduction which can be calculated from Equation (5) . V 0 and V n correspond to the initial volume and final volume after being taped n times, respectively.
Mensuration of Purity and Residual Solvents
High-performance liquid chromatography (Agilent 1200 HPLC, Agilent Co., Ltd, Palo Alto, CA, USA) equipped with a C18 column (250 × 4.6 mm, 5 µm) was used to measure the purity of azithromycin. The mixed solvent of 60 % (v/v) phosphate buffer, 20 % (v/v) acetonitrile and 20 % (v/v) methanol was utilized as mobile phase which was adjusted to pH 8.0 with phosphoric acid. The flow rate was 1.0 mL/min, and the volume of each injection was 20 µL. UV detection was set at λ max of 215 nm.
The residual organic solvents of azithromycin were measured by gas chromatography (HP 4890, Agilent Co., Ltd, Palo Alto, CA, USA). A capillary column (30 m × 0.53 mm × 0.25 µm) was employed. The residual water was measured by a Karl Fischer titrator (DL 18, Mettler, Switzerland).
Determination of Tablet Properties
Preparation of Tablets
The azithromycin tablets were prepared according to the formulation in the reported literature [25] . Azithromycin tablet (total mass 500 mg) contained 40% (w/w) azithromycin, 5% (w/w) croscarmellose sodium, 0.5% (w/w) Sodium lauryl sulfate, 20% (w/w) Polyethylene glycol, 2% (w/w) magnesium stearate and 32.5% (w/w) Microcrystalline Cellulose. After adequately mixing, a rotary tablet press (ZP10A, Shanghai Tianqi Pharmaceutical Machinery Co., Ltd, Shanghai, China) was employed to prepare tablets.
Compactibility
Compaction curves was measured by plotting the tensile strength versus pressure. Tablets' tensile strength can be calculated by the following Equation (6):
where F represents the force breaking the tablet, h and d are the thickness and diameter of tablet, respectively.
Friability
The initial weight of 20 tablets were measured at first. Then, these tablets were placed in the tumbling chamber of a friability apparatus (TAR 10, Erweka, Düsseldorf, Nordrhein-Westfalen, Germany), and rotated at 25 rpm for 4 min. Finally, the 20 tablets were weighed again. The friability was calculated by the Equation (7).
Friability =
Initial weight − Final weight Initial weight × 100%.
2.5.4. Disintegration Time Six tablets were randomly selected to measure the disintegration time by putting one tablet in each tube, using deionized water as the disintegration medium in a disintegration test apparatus (BJ-3, Guo ming Pharmaceutical Co., Ltd, Tianjin, China) at 37 ± 0.5 • C. When the tablets completely disintegrated and passed through the mesh, the disintegration time was recorded and average disintegration time of the six tablets was calculated.
Content Uniformity
To determine the content uniformity, 10 tablets were placed separately in a 250 mL volumetric flask, then deionized water was added to 250 mL. After the tablet was dissolved entirely, the sample was filtered by 0.2 µm microporous membrane and analyzed by HPLC.
In Vitro Dissolution Experiment
The dissolution rate was measured in US Pharmacopeia Apparatus II (DT6R, Erweka, Düsseldorf, Nordrhein-Westfalen, Germany) [26] . A total of 900 mL phosphate buffer (pH 6.0) and 0.1 mol/L HCl solution were used as the dissolution medium, respectively. One tablet was added into the medium at 37 ± 0.5 • C and agitation of 100 rpm. Then, 5 mL samples were taken out at time intervals of 5, 10, 15, 20, 30, 40, 60, 80, 100 and 120 min. Samples were filtered by 0.2 µm microporous membrane and analyzed by HPLC.
Results and Discussion
Characterization of Spherical Products
As shown in Figure 1 , the commercial azithromycin has a non-uniform particle size and agglomerates seriously, which will cause tableting difficulty in the downstream processes. Figure 2a ,c shows the SEM images of solid spheres and hollow spheres prepared by SA and QESD methods in this work. Clearly, the spherical crystals possess large particle size, regular spherical shape and smooth surface which would benefit the tableting of the final products. Furthermore, their different interior structures are clearly observed in Figure 2b ,d. Microcrystals agglomerated into solid spheres, and hollow spheres had a large cavity and porous structure. The structure units of spherical particles are shown in Figure S1 in the Supporting Information. It was found that the size of single particle is about 30 µm, and some submicro-sized particles were also embedded in the spherical particles. Besides, as shown in Figure 3a , the spherical products prepared by both methods present narrow and unimodal size distribution, demonstrating that the size of spherical particles was uniform. On the contrary, the commercial product exhibits a broad and bimodal size distribution.
For the azithromycin, the desired form is the azithromycin dihydrate due to its excellent stability. However, the monohydrate crystal usually precipitates first and then transforms into dihydrate [27] . Therefore, it is necessary to verify whether polymorphism or solvate transformation happens during the spherical crystallization processes. According to the PXRD diffraction patterns in Figure 3b , all the products are azithromycin dihydrate and no polymorphic transformation happened during the crystallization processes. Hence, the desired crystal form can be directly obtained in the spherical crystallization process, ensuring the uniformity in crystal forms. The reason might be that the azithromycin dihydrate is both thermodynamically and kinetically favored in the presence of ethyl acetate. For the azithromycin, the desired form is the azithromycin dihydrate due to its excellent stability. However, the monohydrate crystal usually precipitates first and then transforms into dihydrate [27] . Therefore, it is necessary to verify whether polymorphism or solvate transformation happens during the spherical crystallization processes. According to the PXRD diffraction patterns in Figure 3b , all the products are azithromycin dihydrate and no polymorphic transformation happened during the crystallization processes. Hence, the desired crystal form can be directly obtained in the spherical crystallization process, ensuring the uniformity in crystal forms. The reason might be that the azithromycin dihydrate is both thermodynamically and kinetically favored in the presence of ethyl acetate. For the azithromycin, the desired form is the azithromycin dihydrate due to its excellent stability. However, the monohydrate crystal usually precipitates first and then transforms into dihydrate [27] . Therefore, it is necessary to verify whether polymorphism or solvate transformation happens during the spherical crystallization processes. According to the PXRD diffraction patterns in Figure 3b , all the products are azithromycin dihydrate and no polymorphic transformation happened during the crystallization processes. Hence, the desired crystal form can be directly obtained in the spherical crystallization process, ensuring the uniformity in crystal forms. The reason might be that the azithromycin dihydrate is both thermodynamically and kinetically favored in the presence of ethyl acetate. For the azithromycin, the desired form is the azithromycin dihydrate due to its excellent stability. However, the monohydrate crystal usually precipitates first and then transforms into dihydrate [27] . Therefore, it is necessary to verify whether polymorphism or solvate transformation happens during the spherical crystallization processes. According to the PXRD diffraction patterns in Figure 3b , all the products are azithromycin dihydrate and no polymorphic transformation happened during the crystallization processes. Hence, the desired crystal form can be directly obtained in the spherical crystallization process, ensuring the uniformity in crystal forms. The reason might be that the azithromycin dihydrate is both thermodynamically and kinetically favored in the presence of ethyl acetate. 
Formation Mechanisms of Spherical Crystals
SA Process
As shown in Figure 4 , the formation mechanism of the solid spheres was proposed. To confirm this hypothesis, online PVM was used to in situ monitor the process and an optical microscope was used as assistant tool. The results are shown in Figure 5 .
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As shown in Figure 4 , the formation mechanism of the solid spheres was proposed. To confirm this hypothesis, online PVM was used to in situ monitor the process and an optical microscope was used as assistant tool. The results are shown in Figure 5 . When an appropriate volume water was added, some crystals appeared and water/oil (W/O) emulsion droplets were also formed since water is immiscible with the bridging liquid, as shown in Figures 4a, and 5a . With further addition of water, the dispersed phase was changed, hence bridging liquid droplets were formed (Figures 4b, and 5b ) and the size of droplets became large. Due to the affinity of bridging liquid, small single crystals would be immersed into the bridging liquid droplets and agglomeration will occur [28] [29] [30] , facilitating the growth of spherical particles, as seen in Figures 4c, and 5c. Since the bridging liquid was excess, the initial agglomerates looked like paste and were surrounded by bridging liquid [31] . Continuously adding water, more crystals would be attracted to the bridging liquid and hence agglomerates will become larger. Then bridging liquid gradually diffused into the continuous phase with the addition of water, leading to the disappearance of the When an appropriate volume water was added, some crystals appeared and water/oil (W/O) emulsion droplets were also formed since water is immiscible with the bridging liquid, as shown in Figures 4a and 5a. With further addition of water, the dispersed phase was changed, hence bridging liquid droplets were formed (Figures 4b and 5b ) and the size of droplets became large. Due to the affinity of bridging liquid, small single crystals would be immersed into the bridging liquid droplets and agglomeration will occur [28] [29] [30] , facilitating the growth of spherical particles, as seen in Figures 4c and 5c . Since the bridging liquid was excess, the initial agglomerates looked like paste and were surrounded by bridging liquid [31] . Continuously adding water, more crystals would be attracted to the bridging liquid and hence agglomerates will become larger. Then bridging liquid gradually diffused into the continuous phase with the addition of water, leading to the disappearance of the layer of bridging liquid and consolidation of spherical particles. Meanwhile, due to the shear force and collision, robust, uniform, large and regular spherical solid particles were finally obtained (Figures 4d and 5d ).
QESD Process
The formation schematic and PVM images of hollow sphere crystals are shown in Figures 6 and 7 . When the saturated ethyl acetate solution was dropwise added into the aqueous phase, the oil/water (O/W) emulsion droplets were formed, as displayed in Figures 6a and 7a . Meanwhile, as the ethyl acetate gradually diffused out of the emulsion droplets and the water diffused into the emulsion droplets (Figure 6b ), azithromycin rapidly nucleated and precipitated on the surface of the droplets surface, as shown in Figures 6c and 7b . When ethyl acetate diffused into the aqueous phase entirely, more crystals precipitated on the surface of droplets and a hollow sphere was formed (Figure 6d) . In Figure 7d , the hollow structure is clearly observed. Therefore, the counter diffusion of ethyl acetate and water on the surface of droplets is the main formation mechanism of hollow spherical crystals. Although many studies have focused on spherical particles, most of them are porous or loose [32] . However, in this work, tight hollow spherical crystals were successfully obtained via a facile method. The formation of the special structure can be attributed to the fact that azithromycin is extremely insoluble in water. Azithromycin could precipitate quickly on the surface of the droplets when saturated ethyl acetate solution was added into the aqueous phase. Besides, suitable concentration, temperature and solvent are also the critical factors for the formation of hollow structure.
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(1) Effect of stirring speed As presented in Figure 8 , spherical crystals with different mean size from 0.51 to 3.73 mm were prepared at different stirring speeds in experiments SA-1-SA-4. The mean size decreased dramatically with the increase of the stirring speed due to the enhancement of shear force. Hence, the size of spherical particles is easily controlled just by adjusting stirring speed. While, irregular spherical particles were formed at the stirring speed of 1000 rpm in Figure 8d due to the destruction of high shear force. Therefore, to obtain large and regular spherical crystals, the stirring speed should be controlled below 1000 rpm. (2) Effect of the dosage of bridging liquid The effect of dosage of bridging liquid on the quality of products are shown in Figure 9 . The dosage of bridging liquid apparently affects the formation of spherical crystals. As shown in Figure  9a , due to the lack of the bridging liquid, the spherical particles became irregular and rough. However, the agglomerates became large and smooth with the increase of the dosage of bridging liquid in an appropriate range from 8 to 12 mL. When excessive bridging liquid was added, the system was still in phase separation. Hence, the crystals could not aggregate into spheres and remained paste-like, as shown in Figure 9d . The spherical crystals should be prepared within a critical range. Above the range, a paste-like product will form, while crystals cannot aggregate into spheres below the range. (2) Effect of the dosage of bridging liquid The effect of dosage of bridging liquid on the quality of products are shown in Figure 9 . The dosage of bridging liquid apparently affects the formation of spherical crystals. As shown in Figure 9a , due to the lack of the bridging liquid, the spherical particles became irregular and rough. However, the agglomerates became large and smooth with the increase of the dosage of bridging liquid in an appropriate range from 8 to 12 mL. When excessive bridging liquid was added, the system was still in phase separation. Hence, the crystals could not aggregate into spheres and remained paste-like, as shown in Figure 9d . The spherical crystals should be prepared within a critical range. Above the range, a paste-like product will form, while crystals cannot aggregate into spheres below the range.
However, the agglomerates became large and smooth with the increase of the dosage of bridging liquid in an appropriate range from 8 to 12 mL. When excessive bridging liquid was added, the system was still in phase separation. Hence, the crystals could not aggregate into spheres and remained paste-like, as shown in Figure 9d . The spherical crystals should be prepared within a critical range. Above the range, a paste-like product will form, while crystals cannot aggregate into spheres below the range. Figure 10 illustrates the influence of the concentration of azithromycin on the spherical crystallization process. It is clear that the size of the spherical crystals increased with the increasing of concentration. At high concentration, azithromycin could rapidly nucleate, and many small crystals which are easier to aggregate together than large crystals will be generated. This is because the adhesive force between the bridging liquid and small crystals is stronger than that between the bridging liquid and larger crystals [33] . However, when the concentration was too high, the surface of spherical crystals (Figure 10d ) became rough owing to the lack of bridging liquid. (3) Effect of the concentration of azithromycin Figure 10 illustrates the influence of the concentration of azithromycin on the spherical crystallization process. It is clear that the size of the spherical crystals increased with the increasing of concentration. At high concentration, azithromycin could rapidly nucleate, and many small crystals which are easier to aggregate together than large crystals will be generated. This is because the adhesive force between the bridging liquid and small crystals is stronger than that between the bridging liquid and larger crystals [33] . However, when the concentration was too high, the surface of spherical crystals (Figure 10d ) became rough owing to the lack of bridging liquid. 
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In the QESD method, temperature of aqueous phase (T), mass fraction of emulsifier (ωe), concentration of substance (Cs) and stirring speed (N) are the main factors which will affect the formation and size of spherical crystals. The crystallization parameters are listed in Table S2 in the Supporting Information.
(1) Effect of the temperature of aqueous phase Figure 11 shows the influence of aqueous temperature on the structure of spherical crystals. It can be revealed that the cracked spherical particles appeared at 5 and 40 °C, as described in Figure  11a ,d. As the diffusion rate of solvent was slow at 5 °C, the spherical particles could not solidify completely in time and were broken by shear force. On the other hand, when the temperature was increased to 40 °C, the solubility of azithromycin will increase, resulting in the decrease of supersaturation level. As a result, the azithromycin could not rapidly precipitate to form a solidified layer and wrap the spherical droplet fast enough. Then, the soft emulsion droplets were easily divided into smaller spherical particles or broken under the shear force and collision. Therefore, the 
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(3) Effect of the dosage of the emulsifier The effects of different dosages of the emulsifier on the spherical crystal size and shape were evaluated. Without the emulsifier (Figure 13a) , spherical crystals could not form due to the instability of the emulsion droplets. In the presence of the emulsifier, the emulsion droplets could stay stable and hence regular spherical crystals could form. Furthermore, the size of particles decreased slightly with the increasing dosage of the emulsifier since the interfacial tension declined with the increase of emulsifier concentration. (4) Effect of the concentration of substance As shown in Figure 14 , the concentration of the substance had an important influence on the size and shape of the spherical particles. With the reduction of the concentration, the size of the spherical particles decreased, and the number of broken particles increased dramatically. It can be explained by the fact that azithromycin could not rapidly precipitate and the number of precipitated (4) Effect of the concentration of substance As shown in Figure 14 , the concentration of the substance had an important influence on the size and shape of the spherical particles. With the reduction of the concentration, the size of the spherical particles decreased, and the number of broken particles increased dramatically. It can be explained by the fact that azithromycin could not rapidly precipitate and the number of precipitated crystals will decrease at low concentration. Hence, spherical particles could not solidify in time, which caused the soft spherical particles to be divided into small particles or broken due to the shear force and collision. Therefore, the concentration of substance should be controlled above 0.4 g/mL.
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Evaluation of Spherical Crystal Properties
The properties of spherical products including powder flowability, packability and purity and residual solvent, were evaluated. The products in experiment SA-4 and QESD-7 were selected for the evaluation of different properties.
Flowability
In order to make uniform tablets, the raw materials must flow smoothly into the die cavity of the tablet machine. Thus, good flowability is crucial for tableting. To eliminate the influence of particle size on flowability, all the products were sieved through 35-and 40-mesh sieves before use. As listed in Table 1 , the angle of repose of commercial product was 42.7 • , which showed extremely poor flowability. However, the spherical products displayed superior flowability than the commercial one and their repose angles were below the standard value of good flowability (25 • ). Their CI and HR values were significantly lower than the commercial product. Therefore, the flowability of the model compound was significantly improved by spherical crystallization methods. The obtained spherical products are suitable for direct tableting and capsule filling without additional granulation process. 
Packability
The plot of n/c versus n is shown in Figure S2 in the Supporting Information. According to the results of linear fitting, the packability parameters a, b and correlation coefficient (R 2 ) were calculated and the results are shown in Table 2 . Compared to the commercial product, the values of parameter a of spherical products are lower, indicating a higher packability. The values of parameter b represent the packing velocity of tapping. The higher values of b demonstrated that the packing velocity of spherical products is faster than that of the commercial products. Owing to their excellent packability and flowability, the spherical products could be packed closely without tapping many times. Therefore, the production efficiency can be improved in the process of direct tableting and capsule filling. As shown in Table 3 , the amount of residual organic solvents is very low. Since all the organic solvents and surfactant used in this work are hydrosoluble or volatile, these solvents can be efficiently removed by washing and drying. The final products were azithromycin dihydrate, therefore the residual water is consistent with the theoretical amount of water in azithromycin dehydrate (4.64%). For the residual acetone and ethyl acetate, the pharmaceutical industry requirements are less than 0.5%, which are higher than residual acetone (0.18%) and ethyl acetate (0.17%) in spherical particles. In addition, these solvents and tween80 are often used in the production of drugs and food. Hence, the spherical particles prepared by these methods can meet the requirements of drug safety. 
Evaluation of Tablet Properties
In order to verify that spherical particles are suitable for direct tableting, tablet hardness, compaction curves, tablet content uniformity and disintegration time were investigated systematically. The results of hardness, friability, disintegration time, weight and content uniformity of azithromycin tablets are listed in Table 4 . The compaction curve is shown in Figure S3 in the Supporting Information. It can be seen from Table 4 that the tablet hardness and tensile strength of the tablets made of spherical particles were increased. This result should be attributed to the unique structure of spherical particles which consist of extremely small crystals. During the early stage of the compression process, spherical particles will be crushed, which will increase the interparticulate contact surface, thus leading to the increase of tensile strength [34, 35] . The tablet friability of spherical particles can also meet the requirement (<1%) due to the enhancement of tablet hardness. Since the flowability of spherical products were enhanced, the tablet content and weight uniformity were improved. Additionally, the disintegration time of spherical products decreased. This should be explained by the fact that the tablets made of spherical particles usually have a large porosity. To verity this, the porosity of the tablets was measured. It was demonstrated that the porosities of the tablets made of SA product (23%) and QESD product (27%) were larger than that of the tablets made of commercial product (17%). Thereby, the disintegration time of spherical products decreased. Furthermore, as shown in Figure 15 , owing to the large porosity, the dissolution rate of the tablets made of spherical particles was slightly faster than that of the tablets made of commercial product. To summarize, tablets made of spherical particles exhibited excellent tableting properties. Therefore, these spherical particles can be applied for direct tableting.
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Conclusions
Two different spherical crystallization technologies were developed and utilized to successfully make solid and hollow spherical crystals of azithromycin. The size of spherical crystals was controllable and exhibited a narrow distribution. Compared with commercial product, the flowability, packability and particle size of spherical crystals were significantly improved. For the solid spheres, an immersion mechanism was proposed to explain the formation processes of spherical particles with the help of PAT tools. For hollow spheres, the counter diffusion of good solution and anti-solvent on the surface of droplets was proposed to be the formation mechanism. Many parameters will affect the formation process and the quality of the final products. By evaluating the tablet properties, it was proved that the properties of tablets made of spherical particles were improved.
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